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and their pharmaceutically. acceptable salts, 

wherein R and R\ which are the same or different, are C1-C4 alkyl, CrC 7 cycioalkyi, -CH2CF3, -CH2CI -CF 3 
or-NH 2 ; 

R2 and R3 which are the same or different , are H f halo, CF 3 , C1-C4 alkyl or CrC* alkoxv; 
andXis-CHr,- C- 

II 

or -CH(OH)-. O 
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ANTIARRHYTHMIC AGENTS 



This invention relates to certain sulfonamides which are antiarrhythmic agents. 

The compounds of the invention prolong the duration of the action potential in cardiac muscle and 
conducting tissue, and thereby increase refractoriness to premature stimuli. Thus, they are Class III 
antiarrhythmic agents according to the classification of Vaughan Williams (Anti-Arrhythmic Action, EM. 
5 Vaughan Williams, Academic Press, 1980). They are effective in atria, ventricles and conducting tissue both 
in vitro and in vivo and are therefore useful for the prevention and treatment of a wide variety of ventricular 
and supraventricular arrhythmias including atrial and ventricular fibrillation. Because they do not alter the 
speed at which impulses are conducted, they have less propensity than current drugs (mostly Class I) to 
precipitate or aggravate arrhythmias, and also produce less neurological side effects. Some of the 
io compounds also have some positive inotropic activity and therefore are particularly beneficial in patients 
with impaired cardiac pump function. 

Thus the invention provides compounds of the formuia:- 




and their pharmaceutical acceptable salts, 

wherein R and R\ which are the same or different, are Ci-d alkyl, C3-C7 cycloalkyl, -CH 2 CF 3l -CH 2 CI. -CF 3 
or -NH 2 ; R 2 and R3 which are the same or different, are H f halo, CF3, C1-C4 alkyl or d-d alkoxy- 
25 and X is -CHr. - C - 

or -CH(OHh 

"Halo" means F, CI, Br or I. C3 and & alkyl and alkoxy groups can be straight or branched chain. 
R and R 1 are each preferably Ci-Ci aJkyl. R and R 1 are most preferably CH3. R 2 is preferably H and R 3 
30 is preferably H. CH 3t CI or F. R 2 and R3 are most preferably H. X is preferably -CHr. 
The preferred compound has the formula:- 



35 CH 3 S0 2 MH-^^K(CH 2 ) 2 — /~\ _^A_ NES c 2 ch 3 

The pharmaceutical^ acceptable salts of the compounds of the formula (I) include acid addition salts 
formed from acids which form non-toxic acid addition safts containing pharmaceutical^ acceptable anions, 
m such as hydrochloride, hydrobromide, hydroiodide, sulphate or bisulphate. phosphate or hydrogen phos- 
phate, acetate, maleate, fumarate, lactate, tartrate, citrate, gluconate, benzoate, methanesulphonate, be- 
sylate and p-toiuenesulphonate salts. The compounds also form metal salts, examples of which are the 
alkaline earth and alkali metal salts, e.g. the sodium and potassium salts. The salts are preparable by 
conventional techniques. 

^ For assessment of effects of the compounds on atrial refractoriness, guinea pig right hemiatria are 
mounted in a bath containing physiological salt solution, and one end is connected to a force transducer. 
Tissues are stimulated at 1 Hz using field electrodes. Effective refractory period (ERP) is measured by 
introducing premature stimuli (S 2 ) after every 8th basic stimulus (Si). The S^ coupling interval is gradually 
increased until S 2 reproducibly elicits a propagated response. This is defined as ERP. The concentration of 

5Q compound required to increase ERP by 25% (ED25) is then determined. ERP is also measured in guinea pig 
right papillary muscles incubated in physiological salt solution. Musdes are stimulated at one end using 
bipolar electrodes and the propagated electrogram is recorded at the opposite end via a unipolar surface 
electrode. ERP is determined as above using the extrastimuius technique. Conduction time is obtained from 
a digital storage oscilloscope by measuring the interval between the stimulus artefact and the peak of the 
electrogram (i.e. the time required for the impulse to travel along the length of the muscle). 



2 



BNSDOCID: <EP. 



_0257864A1J_> 



0 257 864 



Atrial and ventricular ERP's are also measured in anaesthetised or conscious dogs by the extrastimulus 
technique whilst the atrium or right ventricle is being paced at a constant rate. 

The compounds of the formula (I) can be administered alone but will generally be administered in 
admixture with a pharmaceutical carrier selected with regard to the intended route of administration and 
5 standard pharmaceutical practice. They can be administrated both to patients suffering from arrhythmias 
and also prophylactically to those likely to develop arrhythmias. For example they may be administered 
orally in the form of tablets containing such excipients as starch of lactose, or in capsules either alone or in 
admixture with excipients, or in the form of elixirs or suspensions containing flavouring or colouring agents. 
They may be injected parenterally, for example, intravenously, intramuscularly or subcutaneously. For 
io parenteral administration, they are best used in the form of a sterile aqueous solution which may contain 
other solutes, for example, enough salts or glucose to make the solution isotonic: 

For administration to man in the curative or prophylactic treatment of cardiac conditions such as 
ventricular and supraventricular arrhythmias, including atrial and ventricular fibrillation, it is expected that 
oral dosages of the compounds of the invention will be in the range from 1 to 75 mg daily, taken in up to 4 
is divided doses per day, for an average adult patient (70 kg). Dosages for intravenous administration would 
be expected to be within the range 0.5 to 10mg per single dose as required. A severe cardiac arrythmia is 
preferably treated by the i.v. route in order to effect a rapid conversion to the normal rhythm. Thus for a 
typical adult patient individual tablets or capsules might for example contain 1 to 25mg of active compound, 
in a suitable pharmaceutical^ acceptable vehicle or carrier. Variations may occur depending- on the weight 
20 and condition of the subject being treated as will be known to medical practitioners. 

Thus the present invention provides a pharmaceutical composition comprising a compound of the 
formula (I) as defined above or pharmaceutically acceptable salt thereof, together with a pharmaceutically 
acceptable diluent or carrier. 

The invention also provides a method of preventing or reducing cardiac arrhythmias in a human being, 
25 which comprises administering to said human an effective amount of a compound of the formula (I) or 
pharmaceutically acceptable salt thereof, or of a pharmaceutical composition as defined above. 

The invention yet further provides a compound of the formula (I) or a pharmaceutically acceptable salt 
thereof, for use as a medicament. 

The invention also provides the use of a compound of the formula (I), or of a pharmaceutically 
30 acceptable salt thereof, for the manufacture of a medicament for the prevention or reduction of cardiac 
arrhythmias. 

Also included within the scope of the invention are the intermediates of the formula: 

r> i 

35 R ?/ 



where X, R* and R3 are as defined for formula (I) and each R*. which is the same, is -NO2 or -NH 2 Most 
preferably. X is -CHrand R 2 and R3 are H. 

The compounds of the formula (I) can be prepared by the following general routes: 
(1) This route, which prepares compounds in which R and R 1 are the same, can be illustrated in general 
45 terms as follows:- 
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RS0 2 NH-^~^- X — CH 2 — N 
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R, R2, R3 and X are as defined for formula (I). To prepare compounds in which R is -NH 2 . only 
sulpnamyl chloride or bromide can be used in this reaction. 

The reaction is typically carried out in a reaction-inert organic solvent, e.g. dichloromethane or dioxan 
and preferably ,n the presence of a base, e.g. pyridine. Preferably, however, the reaction is carried out 
us> ng pynd.ne as the solvent Generally, the reaction proceeds satisfactorily at a temperature of from about 
0 to 25 C. ib. heating .s not usually necessary. The reaction is typically carried out at room temperature. 
Tne product can be isolated and purified by conventional techniques. 

n™^ 6 " ? ? ' C ^° H) : u m3y be P referable t0 P rotect ^ hydroxy group by a conventional technique 
pnor to acylanon, followed by the removal of the protecting group. 

The ; starting materials of the formula (II) are obtainable by conventional techniques as are known to 
those skilled .n the art, and the following Examples illustrate typical syntheses of these compounds. Typical 
routes are illustrated in general terms as follows:- 



35 
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In the above reaction scheme, Q is a leaving group such as halo, d-C* alkanesulphonyloxy, phenylsul- 
phonyloxy or Moiuenesulphonyloxy. Q is preferably Br. 
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The first step in the reaction scheme leading to the compounds (II) is typically carried out in an excess 
of piperazine, typically about 3 times the weight of the halobenzene derivative, and with a small amount of 
co-solvent, e.g. dioxan, in an amount of, say, 1 ml. per gram, of said halobenzene derivative, and at the 
reflux temperature. The product is generally precipitated by diluting the cooled reaction mixture with water. 

The second step is typically carried out under reflux in a reaction-inert organic solvent of b.p. 60-1 60 °C, 
e.g. acetonitrile, ethanol or butanol. and preferably in the presence of a base such as sodium bicarbonate! 
potassium carbonate or triethylamine. Sodium iodide can also be added as a catalyst. 

The final step can be carried out using conventional reducing agents, e.g. hydrogen in the presence of 
a palladium or nickel catalyst, tin and hydrochloric acid, stannous chloride or sodium dithionite. If X is a 
carbonyl group and reduction to -CH(OH)-is not desired, than a reducing agent which selectively reduces 
nitro should be chosen (e.g. sodium dithionite). 

Alternatively, in the first stage of the above scheme it is sometimes preferable to use a mono-protected 
piperazine, typically 1-acetylpiperazine. in place of piperazine itself [see Examples 3(A) and 4(A).] In such 
circumstances, the reaction with the halobenzene derivative is typically carried out either using equimolar 
amounts of the halobenzene and 1-acetylpiperazine in the presence of a base, or using 1 mole of the 
halobenzene and 2 moles of 1-acetylpiperazine. The reaction is typically carried out in an organic solvent 
such as methanol or dimethylformamide at, say, from room temperature to 150°C. The protecting group is 
then removed by a conventional technique before the second stage. Acetyl groups are preferably removed 
by aqueous mineral acid or base, preferably hydrochloric acid at reflux. 

(2) Compounds in which R and R 1 are both -NH2 are however most conveniently prepared by a 
modification of route (1) by reacting the intermediate of the formula (II) with sulphamide, typically at 75° to 
150°, and preferably under reflux, in a suitable solvent, e.g. dioxan. 

(3) This route, which is capable of preparing compounds in which R and R 1 are the same or different, 
can be illustrated in general terms as follows:- 



R. R 1 , R 2 , R3 and X are as defined for formula (!). 

Q is a leaving group such as halo, &-C< alkanesul phony loxy, benzenesulphonyloxy or 2 
-toluenesulphonyloxy. 

The preferred leaving groups are methylsulphonyloxy and bromo. 

The reaction is typically carried out in an organic solvent such as methanol, ethanol or dichloromethane, 
at, say, from room temperature to 100° C. It is generally desirable to carry out the reaction in the presence 
of a base such as triethylamine. Indeed, an acid addition salt of (IV) (e.g. the hydrochloride) can be used as 
the starting material with excess base being present in the reaction mixture. The product (l) can be isolated 
and purified by conventional methods. 

The starting materials of the formulae (III) and (IV), some of which are known compounds, are 
obtainable by conventional techniques as are illustrated in the following Examples. Typical techniques are 
illustrated in general terms as follows:- 
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N N-COCH 



(i) R SO,Cl 

(ii) Removal of acetyl 
r protecting grouo 
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(b) 




NH--^7— /~ N-COCS-. 

' ' ' w 3 



Sulohaniide 



-^« 2 so 2 : 



\ 

N N-COCH. 



Removal of acetyl 
group (HC1) 



NE 2 SO r NH- 



/7X\_ / \ 



(iva) 



(O 



E 2 N 




X-CH^OH 



ridine \ / <■ 2 



HSO„Cl 



(ilia) 



and 



When R is -NH 2 , the following route (d) is preferred. 



(d) 2 



H 2 ^-/ '\-:<-CH 2 CE + (CH 3 ) 3 C..NHS0 9 Cl^(CH 7 } 3 C.^SC r NH-^ 




X-C5. 



H 2 N,SC 2 NH 




CH 3 S0 2 Cl f 
pyridine 



X-CH 9 OS0 0 CH v 



(III3) 



(4) The following general routes can also be used to prepare compounds in which R and R 1 are the 
same or different:- 
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Compound (I) 



20 



NH 




25 



RS0 9 */, [3S0 0 ) 0 0 cr sulphamide 
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Compounds (I) 



R, R\ R 2 , R 3 and X are as defined for formula (I) except that in the sulphonic anhydride R and R 1 are not 
NH 2t and Y is as defined in route (1). The reactions with the sulphonyl or sufphamyl haiide and the 
35 anhydride can be carried out in a similar manner to that described for route (1), and the reactions with 
sulphamide, as for route (2) above. 

The starting materials (V) and (VI) are again available conventionally, e.g. as follows:- 
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RSQ 2 NH-^^-X— CH 2 OS0 2 CH 3 
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Reduction of nitro 



NO. 



V 

Compounds (V) . 
An analogous sequence can be carried out to obtain the compounds (VI). 

(5) Preparation of compounds in which X is -CH(OH)-is most conveniently carried out by the reduction 
of the corresponding carbonyl compounds (X = CO) in a conventional manner, e.g. using an anionic 
hydride derivative of boron or aluminium. The preferred reducing agent is sodium borohydride. the reaction 
typically being carried out in a reaction-inert organic solvent, e.g. ethanol or methanol optionally with 
dimethylformamide or water as co-solvent at temperatures of between room temperature and, say, 100°C. It 
is usually most convenient to carry out the reaction under reflux. The Compounds in which X is -CO-can 
also be reduced to compounds in which X is -Chfe-by the use of an appropriate reducing agent such as 
Zn/HCI. 

The following Examples, in which all temperatures are in °C, illustrate the invention:- 
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EXAMPLE 1 

(A) 1 -(4-Nitrophenyl)-4-(4-n'rtrophenethyl)piperazine 




«0 2 "V _j\ _y m + 3rC3 2 CH 2~\ NaEC0 3 

70 



75 



20 




N CH 2 CH 2 - 




1-(4-Nrtrophenyl)piperazine (4.14 g), 4-nitrophenethyl bromide (4.6 g) and sodium bicarbonate (3.4 g) in 
acetonitrile (75 mi) were stirred under reflux for 1 day, and then evaporated to dryness. The residue was 
^ then triturated with water (300 ml), filtered, washed with water (300 ml), and the resulting solid was 
crystallized from ethyl acetate, yielding the title compound, (3.62 g), m.p. 143-5°. 

NJVKR. (CDCb) S = 2.4-2.8 (m, 6H); 2.96 (m, 2H); 3.46 (t, 4H); 6.84 (d. 2H); 7.40 (d. 2H); 8.16 (d, 2HV 
8.18 (d, 2H) ppm. 



30 



Analysis %:- 



Found: C.60.6; H.5.6; N.15,8; 
Calculated for CibHzMOa: C.60.7; H.5.7; N.15.7. 
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(B) 1-(4-Aminophenyl)-4'(4>aminophenethyl)pipera2ine 



5 



70 



75 



20 




1-(4-Nitrophenyl)-4-(4-nitrophenethyl)piperazine (3.35 g) in methylated spirit (400 ml) was hydrogenated 
25 at 45° and 60 psi over 10% Pd/C (about 300 mg) for 3 hours. The catalyst was then removed by filtration 
and the filtrate evaporated to dryness, giving an off-white residual solid which was crystallized from ethyl 
acetate (charcoal); yield of the title compound 2.1 g, m.p. 156-8°. 

NMR. (CDCb) 5 = 2.55-2.8 (m, 8H); 3.10 (m, 4H); 3.3-3.65 (m, 4H); 6.6-6.7 (m, 4H); 6.85 (d, 2H); 7.02 
(d, 2H) ppm. 

30 

Analysis %:- 

Found: C.72.9; H.8.2; N.18.9; 
35 Calculated for CisH2*N<: C.72.8; H.8.3; N.18.8. 
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(C)1-(4-Methanesulphonami dophenylH-(4-methanesulphonamidophenethyl)piperazine 




N-CH 2 CH 2 




CH 3 S0 2 CI 



Pyridine 
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CH 3 SO n NH- 
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N-CE^E^ 




MHSO,CH 3 



1-(4-Am.nophenyl)-4^4-aminophenethyl)pipera2ine (1.9 g) was dissolved in dry pyridine (15 ml) and 

SSSTT 1 Chl0nde j:- 85 9) W3S added dr °P wise vvith stirring. The mixture waT stirred ovem£ 
2S evaporated to dryness, and the residue triturated with aqueous sodium bicarbonate. The insoluble product 

ZZ^ZTJSSS. *" coo,ed " d fi,tered> 9iving * e pure 

7.1 ss s^h) p P : r (m> 2H): 2 - 84 <s - 3H): (s - 3H>: 688 * 2h,: 708 * «* 



30 



Analysis % :■ 



Found: C.52.9; H.6.2; N.12.3; 
35 Calculated for CaHa^O&r C.53.1; H.6.2; N.12.4. 



EXAMPLE 2 
40 (A) 1-(2-Chloro-4-nitrophenyl)piperazine 
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HN 



MH 



MO 




«J « ,trob , en2ene (1 ° «• PiPerarine (30 g) and dioxan (10 ml) were stirred for 4 hours under 
gentie reflux (intern* temp. 120-130'). The mbcture was then cooled and water (50 ml) was added: the 
desired product crystell, 2 ed out and was filtered off. washed with water and dried: yield of the compound 

££S SHwi? was recrystelli2ed frorn petro,eum b - p - 60 - 80o/ethy ' acetete - *• 

NJVLR (CDCfe) i = 2.9-3.3 (m, 8H); 6.98 (d, 1H); 7.91 (d *H.); 8.02-8.18 (m. 1* H) ppm. 
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Analysis %:■ 

Found: C.49.6; H t 5.0; N.17.2; 
Calculated for C10H12CIN3O2: C.49.7; H.5.0; N.17.4. 



(B) 1 ■(2-Chloro>4-nftrophenvl)-4-(4'nitrophenethyl)piperazine 




20 



>T °2 \ /\ ^H 2 CH 2 -^ y-*0 0 



CI 

The title compound, m.p. 102-4°, was prepared similarly to the procedure of Example 1(A) from 1-(2- 
25 chloro-4-nitrophenyl)piperazine (1.2 g), 4-nitrophenethyl bromide (1.15 g) and sodium bicarbonate (0 85 g) 
The yield of the title compound was 0.37 g (from ethyl acetate), m.p. 100-102°. A second batch had an 
m.p. of 102-4° (from ethyl acetate/methanoi) 

MJVLR (CDCb) B = 2.73 (m, 6H); 2.96 (m. 2H); 3.26 (m. 4H); 7.06 (d, 1H); 7.40 <d, 2H); 8.09-8.18 (m. 
3H), 8.26 (d, 1H) ppm. 

30 

Analysis %:- 

Found: C.55.4; H.4.8; N.14.4; 
35 Calculated for CiaHisCirWk C.55.3; H.4.9; N.14.3 
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(g) 1 -(4-Amino>2-chlorop henyl)«4>(4-aminophenethy{)pipera2ine 




75 



20 



30 




eth J, n fS « enylH-(4^rtrophenethyl)pipera2ine (1.0 g), stannous chloride dihydrate (5.7 g) and 

to SIS i*"!. 1 T dB ' reflUX f ° r 1<a h ° urSl the mfxture was eva P° rated to low bulk, and added 
to aqueous 5% sod,um hydroxide (100 ml). The mixture was then extracted three times with dich- 

25 ZZ f V? ** combined ^S 3 "' 0 extracts ^re dried (sodium sulphate) and evaporated to yield a 
tt£%S£ yieW ° f - tit ' e «*« 06 * ^ » - «E next y 5tege a 

s,sSi)S^ ;>? S£jayS£" (bs - 4H): 355 (Si 2H>: 3 - 59 (s - 2H): 6 - 58 < m - 1 H): 6 - 66 < d - 2H > : 



35 



Analysts %> 

Found: C.64.6; HJ.O; H/I6.6; 
Calculated for CisHaCIN*: C.65.3; H.7.0; N.16.9. 
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(D) H2-ChlorcH4-methan esulphonam^ 



5 



70 



75 




CI 

20 

The title compound (0.52 g), was prepared similarly to the procedure of Example 1(C) from methanesul- 
phonyl chloride (0.44 g), 1-{4-amino-2-chlorophenyl)-4-(4-aminophenethyl)piperazine (0.55 g), and pyridine 
(10 ml). 

25 The m.p. of the product was 212-21 5° (from methanol/ethyl acetate). 

N - M - R - (CD3SOCD3) 5 = 2.55-2.58 (m, 4H); 2.72 (m. 2H); 2.94 (m. 8H); 3.33 (s, 4H); 7.10-7.23 (m, 7HV 
9.63 (bs, 2H) ppm. 



Analysis %> 

Found: C.49.4; H f 5.6; N.11.1; 
Calculated for CaH^CIN^Sa: C.49.3; H ( 5.6; N.11.5. 



EXAMPLE 3 

(A) 1 -Acetyl-4-(3-fluoro-4-nitroohenyl)piperazine 




2,4-Difluoronitrobenzene (4.92 g) and 1-acetylpiperazine (8.05 g) were dissolved in methanol (10 ml), 
kept overnight (17 hours) at ambient temperature, then diluted with methylene chloride (10 mi). The solution 
was washed with water (2x10 ml) and the methylene chloride layer was washed with water (2 x 40 ml) and 
evaporated to give a viscous orange oil (7.76 g) which slowly solidified. This product was dissolved in 
methanol (5 ml) and ether (15 ml) was added, precipitating a yellow solid (0.20 g) which was discarded. The 
filtrate was evaporated to yield a viscous oil (7.3 g) which was dissolved in 25 ml 20% methanol in ether, 
and chromatographed, under slight pressure, on Merck 60H (Trade Mark) tl.c. grade silica, developing and 
eluting with the same solvent collecting first the undesired isomer 1-acetyW-(5-fluoro2-nitrophenyl)- 
piperazine (4.73 g) from 120 to 250 ml eluate, identified by a lowest HF coupling of 5.8 Hz in the 19 F 
N.M.R.. consistent only with absence of hydrogen rjara to fluorine, followed by the desired 1-acetyf-4-(3- ' 
fIuoro-4-nitrophenyl)piperazine (1.61 g), a yellow solid from 280 to 630 ml eluate. identified by a para HF 
coupling of -1 .0 Hz in the 19 F N.M.R. c — 
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ffi ( CDC| 3) 5 s 2 ™ (s. 3H); 3.48 (m, 4H); 3.69 (m, 2H); 3.82 (t, 2H); 6.53-6.64 (m. 2H); 8.08 (t, 1H) 



The product was used directly in the next stage. 



(B) H3-Fluoro-4-nitrophenyl)piperazine hydrochloride 



T5 



20 



N-COCH. 



2N HCI 



25 



no 2 — ^ a / . HCI 



1-Acetyl-4-(3-fluoro-4-nitrophenyl)piperazine (1.08 g), and 2N hydrochloric acid (20 ml) were refluxed for 
30 30 minutes. The solution was then evaporated to dryness, the residue triturated with methanol, the whole re- 
evaporated to remove hydrochloric acid, and the residue crystallized from methanol/ethanol, yielding the 
title compound, (0.78 g), m.p. 271-3°. 

NjVLR. (CD3SOCD3) 5 = 3.18 (t, 4H); 3.65 (t, 4H); 6.92 (d, 1H); 7.04 (d, 1H); 8.03 (dd. 1H); 9.68 (bs, 2H) 



35 



ppm 



Analysis %:■ 



Found: C.45.9; H.4.9; H,16,2; 
40 Calculated for CioHt2FN 3 02.HCI: C.45.9; H.5.1 ; N,1 6.1 . 



so 
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(C) 1-(3-Ruoro-4-nitrophenyl)-4-(4-nitrophenethyl)pipera2ine 



' ■mi J ' " ■ ■ » 



[CI 



-.-TV. 



•2 \ = / ra 2 CH 2 3r 



?0 



75 



K 7 CO, 



y- MO- 



20 



1-{3-Fluoro-4-nitrophenyI)piperazine hydrochloride (0.50 g), 4-nitrophenethyl bromide (0.44 g), sodium 
iodide (0.29 g) and potassium carbonate (0.27 g) in acetonitrile (11 ml) were refiuxed for 2.75 hours. The 
25 mixture was then evaporated to dryness, partitioned between 5% methanol in dichioromethane and water, 
and the organic fraction chromatographed over silica, developing and eluting with 5% methanol in 
dichioromethane to yield the pure product as a yellow solid (0.19 g), R, 0.57 (5% MeOH/CH^b on silica). 
The product was used directly in the next stage. 



30 



(D) 1 "(3»Fluoro-4-aminophenyl)-4-(4-aminophenethyl)pipera2ine 





50 

1-(3-Ruoro-4-nitrophenyl)-4-(4-nitrophenethyl)piperazine (0.19 g) and 10% palladium on carbon (150 
mg) were hydrogenated at 4 atmospheres and 60° until completion of hydrogen uptake. The catalyst was 
then filtered off, the solvent evaporated, and the residual product (0.06 g) used directly in the next stage. 

N.M.R. (CDCb) a = 2.55-2.82 (bm, 6H); 2.94-3.24 (bm t 6H); 3.63 (bs f 4H); 6.40-7.06 (complex. 7H) ppm. 



17 
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(E) H3±luoro±n^ 



NE, 



CH 3 S0 2 CI 



Pyridine 



70 



15 



20 



CH 3 S0 2 >JH 




V _ / N - CH 2 CH 2-^ /-^S0 2 CH 3 



1-(3-Fluoro-4-aminophenyl)-4-(4-aminophenethyl)pipera2ine (0.06 g) was dissolved in pyridine (4.5 ml) 
and methanesulphonyl chloride (0.13 g) was added. The mixture was stirred at room temperature overnight 
25 the pyndine removed by evaporation, and the residue chromatographed over silica, developing and eluting 
with 10% methanol in dichloromethane. The fractions containing the product were evaporated to give a 
residue (0.030 g) which was crystallized from methanol, yielding the pure title compound. (0.016 g), m.p. 

232*4 . 

(CDCb): 8 = 2.54 (m, 6H); 2.72 (m, 2H); 2.89 (s, 3H); 2.94 <s, 3H); 3.14 (m, 4H); 6.70-6.85 
30 (m,2H); 7.08 + 7.12 (3H); 7.1 8 + 7.22 (2H); 9.35 (vbs. 2H) ppm. 

Analysis %> 

35 Found: C.51 .1 ; H.5.9; N,1 1.9 

Calculated for Cztfz?FH A 0£ 2 : C.51.0; H.5.8; N.11.9. 



40 
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EXAMPLE 4 

(A) 1 -Acetyi^(3-methyl-4-nitrophenyl)pipera2ine 




Ma 7 C0 3 
N0 2 ^ 



70 V 

CH 3 



ch 3 con 




1-Acetylp.perazine (6.23 g). 5-fluorc-2-nitrotoluene (7.51 g) and sodium carbonate (5.12 g) in dimethyl- 
formam.de (40 ml) were stirred at 100° overnight, evaporated, and the residue partitioned between ethyl 
acetate and water. The organic layer was dried (sodium sulphate), evaporated, and the residue chromatog- 
raphed over Merck (Trade Mark) t.l.c. grade silica, developing and eluting with 5% methanol in dich- 
loromethane. yield 10.92 g of the title compound. A small portion was recrystallized from methanol/ethyl 
acetate, m.p. 133-7°. 

(CDCb) 5 = 2.18 (s, 3H); 2.64 (s, 3H); 3.43 (m,4H); 3.66 (m, 2H); 3.81 (m, 2H); 6.69 (m, 2H), 
8.1 1 (d. 1 H) ppm. ' 



Analysis %:- 

Found: C.58.9; H.6.6; N.16.2; 
Calculated for C13H17N3O3: C.59.3; H.6.5; N f 16.0. 



40 



45 



50 



55 
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(B) 1 -Acetyl-4-(4-amino-3-methy IphenvDpiperazine 



10 




5 2 



?d/C 



75 



3 v_/ \=A ^ 



20 j 

1-Acety!-4-(3-methyl-4-nitrophenyl)pipera2ine (0.5 g) and 5% palladium on carbon (0.1 g) in ethanol (20 
ml) were hydrogenated at 60' and 60 p.s.i. for 2 hours after which the catalyst was filtered off and the 
25 filtrate evaporated. The residue was partitioned between dichioromethane and water, and the aqueous layer 
extracted two more times with dichioromethane. The combined organic layers yielded 0.42 g of residue (of 
the title compound) on evaporation. This was recrystallized, m.p. 126-9° (methanol/ethyl acetate) 

NJ^ (CDCb) 8 = 2.14 (s, 3H); 2.17 <s, 3H); 3.01 (m, 4H), 3.43 (bs, 2H); 4.60 (m, 2H); 4.87 (m, 2H). 



30 



35 



Analysis % :- 

Found: C.66.7; H.8.2; N.17.9; 
Calculated for CcHisNsO: C.66.9; H.8.2; N.18.0. 



40 



45 



SO 



55 
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(C) 1-Acetyl-4-(4>methanesulphonamid(>3>m8thylph8nvl)pipera2ine 



5 





CH 3 CON 



N 



Pyridine 



ro 



T5 



CH-.CON 



\__/ 




■NHSO^CH 



20 



CH 



3 



1-Acetyl-4-(4-amino-3-methylphenyl)pipera2ine {7.89 g) was dissolved in pyridine (130 ml). Methanesul- 
25 phonyl chloride (7.9 ml) was added dropwise with stirring. The mixture was reduced in volume after 2 hours 
by evaporation and then stirred overnight. The resulting slurry was partitioned between water (125 ml) and 
dichloromethane (100 ml), and the aqueous layer was further extracted with dichloromethane (2 x 100 ml) 
5% methanol in dichloromethane (2 x 100 ml), and ethyl acetate (2 x 125 ml). The combined organic layers 
were dned (sodium sulphate) and evaporated, and the residue was chromatographed in 5% methanol in 
30 dichloromethane over tlx. grade silica, the product-containing fractions, after evaporation, yielding a foam 
(5.93 g), Rf 0.29 (5% methanol/ dichloromethane/silica), used directly in step (D). A small sample from a 
second run was recfystallized from ethyl acetate/hexane, m.p. 153-4°. 

Njm (CDCb) 5 = 2.14 (s, 3H); 2.34 (s, 3H); 2.97 (s, 3H); 3.17 (m. 4H); 3.61 (t. 2H); 3.76 (t, 2H); 6 12 
(s, 1H); 6.76 (m, 2H); 7.28 (m, 1H) ppm. 



Analysis %:■ 



Found : C.54.0; H.6.8; N.13.4; 
40 Calculated for CUH21N3O3S: C.54.0; H,6.8; N,13.5. 



45 



50 
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(D) 1-(4-MethanesulphonamidcK3"methylphenyl)pipera2ine 1/4 hydrate 



ch 3 con 



70 




.) 2N HC1 



NHS0 2 CH 3 



ii) Ma 2 C0 3 



r 



15 



20 



30 



35 



1-Acetyi-4-(4-methanesulphonamido-3-methyiphenyl)piperazine (5.93 g) and 2N aqueous hydrochloric 
25 acid ( 85 mi) were refluxed for 2 hours, cooled, evaporated to low bulk, basified with sodium carbonate to 
pH 9-10 and extracted with 5 x 100 ml 5% methanol in dichloromethane. The organic layers were combined 
and evaporated to give the title compound as a brown foam, (4.78 g), m.p. 79-81 °. 

N-M.H. (CDCb) 6 = 2.13 (s, 3H); 2.96 (s, 3H); 3.05 (m, 4H); 3.15 (m, 4H); 6.76 (m. 2H); 7.16 (m, 1H). 



Analysis %:- 

Found: C,52.6; H.6.8; N.152; 
Calculated for C12H19N3O2S.I/4 H 2 0: C.52.6; H.7.2; N.15.3. 



40 



45 



SO 



55 
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(E) 4-Methanesulphonamidophenethyl methanesulphonate 



5 



TO 



75 




4-Aminophenethyl alcohol (2.74 g) was dissolved in dichloromethane (10 ml) and pyridine (5 ml) and 
then methanesulphonyl chloride (2 x 2.52 g) was added in 2 portions one hour apart, with stirring at 0°. 
After a further 2 hours, the mixture was acidified (to pH about 2) with 2N aqueous hydrochloric acid. The 
25 title compound (4.85 g) was filtered from the two-phase mixture. The organic layer plus a further 
dichloromethane extract of the aqueous layer yielded a further 0.95 g product after drying (sodium 
sulphate) and evaporation. The combined solids were washed with ether and recrystallized from ethyl 
acetate, yield of the title compound 4.13 g f m.p. 135-7°. 

N - M - R - [(CD 3 )2CO] 5 = 3.07 (s, 3H); 3.10 (s, 3H); 3.15 (t, 2H); 4.52 (t, 2H); 7.36 (s, 4H); 8.47 (bs, 1H) 



Analysis %:- 

35 Found: C.40.6; H.5.2; N,4.9; 

Calculated for C10H15NO5S2: C.40.9; H.5.2; N.4.8. 



40 



45 



SO 



55 
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jBl-(4-Methanesulphonanniclo-3 -methylphenyl)-4-(4-methanesulDhonamidophenethvnp i| 



h/ \r— /~"^>-.NHso 2 ca 5 

CH, 



+ CH 



a 3 S0 2 .NE--/\.CE,CS 



3 _ 2 _ -^j-^ 2 CE 2 CS0 2 C^ 2 



10 



15 




« m p,h P m ' d ?J enethyl methanesu| Ph°nate (1.47 g) and 1-(4-methanesu!phonamido-3- 

25 methylphenyl)p,peraz I ne 1/4 hydrate (1.37 g) in ethanol (15 ml) were refluxed overnight, evaporated to 
dryness, and partiuoned between ethyl acetate and water. The title compound (0.2g) was filtered from the 2- 
pnase mixture and recrystallised from methanol/acetone. yield 0 128 g m p 235-7° 

6J0-6.84 (m, 2H); 7.03-7.12 (s, 3H), 7.13-7.21 (d, 2H), 9.13 (bs, 2H) ppm. 

30 

Analysis 

Found: C.54.3; H.6.4; N.12.0; 
35 Calculated for GiiHaMOife C.54.0; H.6.5; N,12.0. 



EXAMPLE 5 
w (A) 1-AcetyM-(4-aminophenyl)piperazine 



45 



50 




* ^!nln ( t n ^° Phenyl)Pip8ra2ine ^ E§t. 1.239,940; Chem. Abs., 67, 101031z (1967)] (76.64 o) in 
ethanol (1000 mi) was hydrogenated over Raney nickel at 40^d 6oTs~for 4 hours. The catalyst was 
then filtered off and the filtrate evaporated to give a residual solid which was crystallised from ethyl acetate 
yield of the title compound 47.88 g. m.p. 129-130°. 1 
NJVLR, (CDCfe) 5 = 2.12 (s, 3H); 2.90-3.09 (t, 4H); 3.50-3.8 (m, 4H); 6.52, 6.67, 6.88 (ABq, 4H) ppm. 
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Analysis %:- 

Found: C.65.8; H.7.8; N.19.5; 
Calculated for C12H17N3O: C.65.7; H.7.8: N.19.2. 



(B) 1 -Acety l-4-(4-methanesulphonamidophenyl)piperazine 



10 




20 




To 1-Acetyl-4-(4-aminophenyl)piperazine (10.96 g) in ice-cold pyridine (100 ml) was added methanesul- 
25 phonyl chloride (6.3 g) dropwise. The mixture was then stirred at ambient temperature overnight and the 
pyridine removed in vacuo . The residue was triturated with aqueous sodium bicarbonate, and the resulting 
solid was washed (water) and crystallized from methanol/ethyl acetate (charcoal). The yield of the title 
compound was 9.97 g, m.p. 165-7°. 

N M R - (CDCb) 5 = 2.17 (s, 3H); 2.97 (s, 3H); 3.16 (m. 4H); 3.63 (t. 2H); 3.77 (t, 3H); 6.67 (s, 1H); 6.91 
30 (d, 2H); 7.20 (d, 2H) ppm. 



Analysis %> 

35 Found: C.52.4; H.6.3; N.14.1; 

Calculated for C13H19N3O3S: C.52.5; H.6.4; N.14.1. 



40 



45 



50 



55 
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C) 1-(4-Methanesulphonamidophenyl)pjpera2ine hydrochloride 



CHACON 




-MHSO^CH 3 



5N EC I 



70 



75 



CH o 30^5H-V/ V 




N 



NH.HCI 



20 



25 



1-Acetyl-4-(4-methanesuIphonamidopheny!)pipera2ine (9.6 g) and 5N aqueous hydrochloric acid (100 
ml) were heated at 100° for 1 hour, the solvent was evaporated, and the residue dried by azeotroping with 
toluene. The residue was crystallised from ethanol, yield of the title compound 8.26 g, m.p. 230° (dec). 

N.M.R.(CD3SOCD3) 5 = 2.85 (s, 3H); 3.15 (s, 4H); 3.30 (m, 4H); 6.95 (d f 2H); 7.10 (d, 2H); 9.27 (bs, 2H): 
9.37(s,1H)ppm. 



Analysis %:- 



Found: C.44.5; H.6.3; N.14.0; 
30 Calculated for C11H17N3O2S.HCI C.45.3; H,6.2; N.14.4. 



(D) 1-(4-MethanesulphonamidophenylH-(4-methanesulphonamidophenacyl)piperazine 



35 



40 



45 



CH 3 S0 2 NH- 



( /"^ \jH.ECI -r CH 3 S0 2 NK— ^ \- 




-CCCH^Br 



50 



Et 3 N 




COCHIN 



'MHS0 9 CH. 



1-(4-Methanesulphonamidophenyl)piperazine hydrochloride (1.18 g), 4-methanesulphonamidophenacyl 
bromide (1.16 g), [see. J. Med. Chem . 9, 88 (1966)], triethyiamine (0.82 g), methanol (10 ml) and 
55 dichloromethane (10 ml) were warmed briefly to attain homogeneity, then stirred at ambient temperature for 
4 hours, evaporated to dryness, the residue triturated and washed with water, and then crystallized from 
methanol/acetone. The yield of the title compound was 0.88 g, m.p. 222-5° (dec). 
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N - MR - (CD3SOCD3) B = 2.62 (bs, 4H); 3.10 (bs, 8H); 3.34 [s, 2H (+ H2O)]; 3.82 (s, 2H); 6.88 (d 2HV 
7.07 (d, 2H); 7.27 (d, 2H); 7.98 (d, 2H); 9.22 (s, 1H); 10.31 (bs, 1H) ppm. ' ' 



5 Analysis %:- 

Found: C.51.2; H.5.2; N.11.7; 
Calculated for CarfcN^OsS* C.51.5; H.5.6; N.12.0. 



10 

EXAMPLE 6 



1-(4-Methanesulphona midophen^ 

75 

CH„50 0 >TH— (/ 7— / \-CH_CO -ft \— NE50-CH. 

20 



25 



NaBH , 



30 



7> 



CH„SO„NH- 



• N 



N-CH 2 CH(CH) 



NHSO^CH 



H4-Methanesulphonamidophenyl)-4-(4-me [see Example 5(D)] 

35 (0.77 g) was dissolved in ethanol (3 ml) and dimethylformamide (5 ml). Sodium borohydride (0.125 g) was 
then added portionwise over 5 minutes, and the mixture was stirred for 2* hours at ambient temperature. A 
futher 25 mg. sodium borohydride was then added and the reaction mixture was heated at 60° for 2 hours. 
A further 20 mg. of borohydride was added, and the reaction mixture was heated at 70° for 4* hours. The 
mixture was then diluted with water, precipitating the impure product containing some unreduced starting 
m material (0.51 g after drying). This impure product was refluxed for 4* hours in ethanol (35 ml), adding 
sodium borohydride (110 mg) portionwise during the first 2 hours. The mixture was then evaporated, the 
residue washed with water, and crystallized from methanol, yield of the pure title compound 0 118 g mo 
230-2° (dec). 

N - M - R - (CD3SOCD3) 5 = 2.37-2.56 (m, 2H); 2.62 (m. 4H); 2.85 (s, 3H); 2.94 (s. 3H); 4.72 (m. 1H); 5 02 
45 (d, 1H); 6.90 (d, 2H); 7.06 (d. 2H); 7.14 (d. 2H); 7.32 (d, 2H); 9.1-9.8 (bs. 2H) ppm. 



Analysis %:- 

5£) Found: C,50.9; H.6.1 ; N,1 1 .9; 

Calculated for C20H2N4O5S2: C.51.3; H,6.0; N,12.0. 



55 
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EXAMPLE 7 

H4-Methan esulphonamidophenyl)-4-f4-methanes hydrochloride hemi- 
hydrate " 

5 

1-(4-Methanesulphonamidophenyl)^ [1.61 g. - see Exam- 

ple 1(C)] was dissolved in 2N aqueous hydrochloric acid (3.9 ml) and the reaction mixture was evaporated 
to dryness, giving a solid containing a trace of a reddish impurity. This solid was dissolved in methanol (250 
ml) and boiled with charcoal (0.5 g), filtered, and the filtrate evaporated to about 65 ml, re-charcoaled (1.5 g. 
to charcoal), and re-filtered. The filtrate was evaporated to about 20 ml, filtered, and ether (20 ml) was added. 
The solution was then evaporated to about 20 ml and more ether (10 ml) was added. The solution was left 
to cool, the resulting crystals were filtered off. washed with ether/methanol (40 ml 1:1 then 30 m! 2:1), then 
with ether (30 ml) and finally dried in vacuo . The yield of the pure title salt, m.p. (dec.) 254-6°. was 1.37 g. 



75 



20 



25 



Analysis %:- 

Found: C.48.43; H.5.86; N,11.09; 
Calculated for C20H2sN4O4S2.HCl.iH2O): C.48.22; H.6.07; H.11.25. 



Claims 

1. A compound of the formula:- 



a 3 



1 w 2 \_/~W 



or a pharmaceutical^ acceptable salt thereof, 

wherein R and R\ which are the same or different, are C1-C4 alkyl, C3-C7 cycloalkyl, -CH2CF3, -CH2CI, -CF 3 
35 or -NH2; 

R 2 and R 3 , which are the same or different, are H, halo, CF 3 . C1-C4 alkyl or C1-C4 alkoxy; 
and X is -CHr, - C - 
II 

or -CH(OHh ° 

40 2. A compound as claimed in claim 1 wherein R and R 1 are each CH£ R* is H; and R3 is H, CH3, CI or 
3. A compound as claimed in claim 1 which has the formula:- 



45 



CH 3 30 2 >IE-<<^^ 2 / \ — / ^ME5Q 2 CH, 



SO 



4. A pharmaceutical composition comprising a compound of the formula (I) as claimed in any one of 
claims 1 to 3, or a pharmaceutical^ acceptable salt thereof, and a pharmaceutical^ acceptable diluent or 
carrier. 

5. A compound of the formula (I) as claimed in any one of claims 1 to 3, or a pharmaceutical^ 
acceptable salt thereof, for use as a medicament 

6. The use of a compound of the formula (!) as claimed in any one of claims 1 to 3, or of a 
ss pharmaceutical^ acceptable salt thereof, for the manufacture of a medicament for use in the prevention of 

reduction of cardiac arrhythmias. 

7. A compound of the formula;- 
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5 




where X, R 2 and R 3 are as defined in claim 1 and each R', which is the same, is -NO2 or -NH 2 . 
10 8. A compound as claimed in claim 7 wherein R 2 and R 3 are H and X is -CH2-. 

Claims for the contracting States: AT and ES 

1. A process for preparing a compound of the formula:- 

15 



20 




or a pharmaceutical^ acceptable salt thereof. 
2 5 wherein R and R 1 , which are the same or different, are C1-C4 alkyl. C3-C7 cycloalkyl. -CH2CF3, -CH2CI, -CF 3 
or -NH2; 

R 2 and R 3 , which are the same or different, are H, halo, CF* C1-C4 alkyl or CrC* alkoxy; 
and X is -CH2-, - C - 
II 

& or -CH(OH)-; ° 
characterised bjr either:- 
(a) reacting a compound of the formula:- 




40 

where X, R 2 and R 3 are as defined for formula (I) and R a and R b , which are the same or different, are ~NH 2 
or -NHSO2R where R is as defined for formula (I), with the proviso that at least one of R a and R b is -NH2, 
with sulphamide. a compound of the formula R 1 S02Y where R 1 is as defined for formula (I) and Y is CI or 
Br, or a compound of the formula (R 1 S02>20 where R 1 is as defined for formula (I) except for -NH 2 ; or 
45 (b) reacting a compound of the formula:- 



50 




where X. R and R 2 are as defined for formula (I) and Q is a leaving group, 
55 with a compound of the formula:- 
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a 3 




where R 1 and R3 are as defined for formula (I); 

said process (a) or (b) being followed by. optionally, either or both of the following steps- 
70 CrV ST ° f 3 C ° mP0Und ° f th8 f ° rmU,a (l) in which X is - C °- to a impound in which X is -CH(OH)-or 
(ii) conversion of a compound of the formula (I) into a pharmaceutically acceptable salt 

2. A process according to claim 1(a). characterised in that the reaction is carried out in the presence of 

a D2S6. 

75 nhrt 3 ', A Pr( !!f S$ acco , rd ' n9 t0 claim 1 <°>- characterised in that the leaving group is halo. C,-C alkanesul- 
phonyloxy, benzenesulphonyloxy or p-toluenesulphonyloxy. and in that the reaction is earned out in the 
presence of a base. 

4. A process according to claim 2, characterised in that 1-(4-methanesulphonamidophenylH-(4- 
methanesulphonam.dopheneth y l)pipera2ine is prepared by acylating 1-(4-ammophenyl-4- 4- 
20 am.nophenethyljp.perazine with methanesulphonyl chloride or methansulphonic anhydride in the presence 

OT a D3S8. 

nhnn 5 :.^' 0 !, 655 aC °°!i din9 10 daim 4 " characterised in acylaton is carried out using methanesul- 

pnonyl chloride in pyridine. 

fnm!;i a A /n r ° Ce !, S i 0r f ePa ?" 9 8 P harmaceutical composition, characterised by mixing a compound of the 
25 formula (I) as defined .n cla.m 1,..or a pharmaceutically acceptable salt thereof, with a pharmaceutically 
acceptable diluent or earner. y 

Claims For The Following Contracting State: GR: 

30 

1. A process for preparing a compound of the formul- 



as 



40 



or a pharmaceutically acceptable salt thereof, 

wherein R and R\ which are the same or different are CrC 4 alkyl, C3-C7 cycloalkyl, -CH2CF3, -CH 2 CI, -CF3 

Or "Nrl2i 

R 2 and R3, which are the same or different, are H, halo, CF 3 , d-Cd alkyl or C1-C4 alkoxv 
45 and X is -CHr, - C - y ' 
II 

or -CH(OH)-; ° 

characterised by either:- 

(a) reacting a compound of the formula:- 

50 



55 



^ -:< — ch 2 — &/ V 

where X, R* and R3 are as defined for formula (I) and R a and R> which are the same or different are -NH 2 
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15 



20 



25 



30 



35 



40 



45 



50 



or -NHSO2R where R is as defined for formula (I), with the proviso that at least one of R'and R b is -NH2, 
with sulphamide, a compound of the formula R 1 S02Y where R 1 Ms as defined for formula (I) and Y is CI or 
Br, or a compound of the formula (R 1 S02)20 where R 1 is as defined for formula (I) except for -NH 2 ; or 
(b) reacting a compound of the formula:- 



where R 1 and R 3 are as defined for formula (I); 

said process (a) or (b) being followed by, optionally, either or both of the following steps:- 

(i) reduction of a compound of the formula (I) in which X is -CO-to a compound in which X is -CH(OH)-or 
-CHr; and 

(ii) conversion of a compound of the formula (I) into a pharmaceutically acceptable salt. 

2. A process according to claim 1(a), characterised in that the reaction is carried out in the presence of 
a base. 

3. A process according to claim 1(b), characterised in that the leaving group is halo. C1-C4 alkanesul- 
phonyloxy, benzenesulphonyloxy or p-toluenesulphonyloxy, and in that the reaction is carried out in the 
presence of a base. 

4. A process according to claim 2, characterised in that 1-(4-methanesulphonamidophenyl)-4-(4- 
methanesulphonamidophenethyl)piperazine is prepared by acylating 1-(4-aminophenyl)-4-<4- 
aminophenethyl)piperazine with methanesulphonyl chloride or methanesulphonic anhydride in the presence 
of a base. 

5. A process according to claim 4. characterised in that the acylation is carried out using methanesul- 
phonyl chloride in pyridine. 

6. A process for preparing a pharmaceutical composition, characterised by mixing a compound of the 
formula (I) as defined in claim 1, or a pharmaceutically acceptable salt thereof, with a pharmaceutically 
acceptable diluent or carrier. 

7. A compound of the formula:- 




where X, R and R 2 are as defined for formula (I) and Q is a leaving group, 
with a compound of the formula:- 






where X, R 2 and R 3 are as defined in claim 1 and each R 4 , which is the same, is -NO2 or -NH 2 . 
8. A compound as claimed in claim 7 wherein R 2 and R 3 are H and X is -CH2-. 
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